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DQG WKHPRGLILFDWLRQ RI WKH VWUHVVVWUDLQPRGHO >@7KLV SDSHU IRFXVHV RQ WKHPHDVXUHG HIIHFWLYH VWUDLQV RI )53
PDWHULDOVHVSHFLDOO\ODPLQDWHVWULSVLQ1605IRUPDWUXSWXUHDVWKHUDWLRWRWKHXOWLPDWHVWUDLQLQWKHXQLD[LDOWHVWV

:LWKLQWKHODVWIHZ\HDUVDOLPLWHGQXPEHURIVWXGLHVGHDOLQJZLWK160)53UHLQIRUFHPHQWKDYHDSSHDUHGVHH
%DUURV HW DO  >@ DQG%RXUQDV DQG7ULDQWDILOORX  >@0HDVXUHG YDOXHV RI VWUDLQV RI&)53 ODPLQDWH
VWULSVXVHGZHUHOHVVRUPRUHORZHUWKDQXOWLPDWHRQHV,Q%DUURVHWDOVKRUWFRQFUHWHFROXPQVVOHQGHUQHVV
ZHUHWHVWHGE\FRPELQHGFRPSUHVVLRQDQGEHQGLQJ)DLOXUHRIFROXPQVDSSHDUHGDWD[LDOORDGUDWLRE\WKH
UXSWXUHRI&)53VWULSVDWVWUDLQ/RZHUYDOXHVRIVWUDLQVZHUHPHDVXUHGE\%RXUQDVDQG7ULDQWDILOORX
>@ DW DOPRVW WKH VDPH D[LDO ORDG UDWLR  0HDVXUHG VWUDLQV RI &)53 VWULSV DW UXSWXUH IRU VWULSV PRXQWHG
SHUSHQGLFXODUO\ WR WKHFRQFUHWHVXUIDFHZHUH±DFFRUGLQJ WRQXPEHURIVWULSVDQGVWHHO UHLQIRUFHPHQW
UDWLRDQG IRU VWULSVPRXQWHGSDUDOOHO WR WKH VXUIDFHRU LQFRPELQDWLRQZLWKDGGLWLRQDO MDFNHWLQJRI
VWUHQJWKHQHGFROXPQV
7KLVSDSHUSUHVHQWVH[SHULPHQWDOUHVXOWVRI&)53ODPLQDWHVWULSVDFWLRQLQ5&FURVVVHFWLRQRIVKRUWDQGVOHQGHU
FROXPQVORDGHGE\YDULRXVFRPELQDWLRQVRIDFWLRQV
([SHULPHQWDOLQYHVWLJDWLRQ
([SHULPHQWDO LQYHVWLJDWLRQRQ&)53 VWUHQJWKHQLQJRI FRQFUHWH FROXPQV VWDUWHG DW WKH'HSDUWPHQW RI&RQFUHWH
6WUXFWXUHVDQG%ULGJHVDWWKH6ORYDN8QLYHUVLW\RI7HFKQRORJ\LQ%UDWLVODYDLQ)LUVWVKRUWFRQFUHWHFROXPQV
[[PPVXEPLWWHGWRDVWDWLFD[LDOFRPSUHVVLRQORDGDQGF\FOLFKRUL]RQWDOORDGZHUHWHVWHG>@7KH
WHVWVHWXSLVLOOXVWUDWHGLQ)LJD7HVWLQJZDVSHUIRUPHGRQWZHOYHIXOOVFDOHUHLQIRUFHGFRQFUHWHFROXPQVLQIRXU
VHULHV 7KH VHULHV GLIIHUHGZLWK UHVSHFW WR WKHPHWKRG RI VWUHQJWKHQLQJ7KH ILUVW D UHIHUHQFH VHULHV FRQVLVWHG RI
QRQVWUHQJWKHQHG FROXPQV DQG WKH UHPDLQLQJ VHULHV ZHUH VWUHQJWKHQHG E\ &)53V LH ORQJLWXGLQDO 160&)53
VWULSVWUDQVYHUVH&)53VKHHWZUDSSLQJDQGDFRPELQDWLRQRIWKHVHWZRPHWKRGV

DEF
  
)LJ7HVWVHWXSRIDVKRUWFROXPQVEVOHQGHUFROXPQVFJLUGHUVXQGHULPSDFWORDG
9HULILFDWLRQ RI DIRUHVDLG VWUHQJWKHQLQJ WHFKQLTXHV HIIHFWV RQ HLJKW IXOOVFDOH VOHQGHU UHFWDQJXODU UHLQIRUFHG
FRQFUHWH FROXPQV  [  [  PP ZDV FDUULHG RXW LQ VHFRQG SDUW RI H[SHULPHQWDO LQYHVWLJDWLRQ >@
([SHULPHQWDWLRQVHWXSLVVKRZQLQ)LJE$OOHLJKWFROXPQVZHUHWHVWHGLQWKHVDPHPDQQHULHE\LQFUHDVLQJ
WKHFRPSUHVVLRQIRUFHDSSOLHGDWDQLQLWLDOHFFHQWULFLW\RIPP
7KHWKLUGSDUWRIH[SHULPHQWDOLQYHVWLJDWLRQGHDOVZLWKVWUHQJWKHQHGFRQFUHWHFROXPQVXQGHULPSDFWORDG%DVHG
RQ SRVVLELOLWLHV RI ODERUDWRU\ HTXLSPHQW LW ZDV LPSRVVLEOH WR VLPXODWH WKLV NLQG RI ORDG RQ FROXPQV LQ YHUWLFDO
SRVLWLRQWKDWLVZK\WKHVHVSHFLPHQVZHUHWHVWHGOLNHJLUGHUV[[PPLQKRUL]RQWDOSRVLWLRQ*LUGHUV
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ZHUHORDGHGE\IDOORIWKHZHLJKWRINJIURPWKHKHLJKWVRIPPPPPDQGP7KH
WHVWVHWXSLVVKRZQLQ)LJF7KHJLUGHUVZHUHVWUHQJWKHQHGE\WKHVDPHPDQQHUDVFROXPQVEHIRUH
0HDVXUHGVWUDLQV
%HIRUHH[SHULPHQWDOLQYHVWLJDWLRQRIVWUHQJWKHQHGPHPEHUVZDVUHDOL]HGWKHSURSHUWLHVRIPDWHULDOVZHUHWHVWHG
5HVXOWV RI WHQVLRQ WHVW RI &)53 VWULSV DUH DV IROORZV WHQVLOH VWUHQJWK RI 1PPPRGXOXV RI HODVWLFLW\ RI
1PPVWUDLQDWUXSWXUHRI6WUDLQVRI&)53ODPLQDWHVWULSVLQWKHPRVWVWUHVVHGFURVVVHFWLRQRI
VWUHQJWKHQHGPHPEHUVZHUHPHDVXUHGE\VWUDLQJDXJHVGXULQJH[SHULPHQWDOLQYHVWLJDWLRQ
7DEOH0HDVXUHGVWUDLQVIRUVOHQGHUFRQFUHWHFROXPQV
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,Q SUHYLRXV WDEOHV FROXPQV DUH LQGLFDWHG DV IROORZV ILUVW ODEHO & LV YDOLG IRU VOHQGHU FROXPQV &V IRU VKRUW
FROXPQV DQG&L IRU FROXPQV XQGHU LPSDFW ORDGLQJ VHFRQG ODEHO 6 LQGLFDWHV VWUHQJWKHQHG FROXPQV WKLUG ODEHO 6
LQGLFDWHVVWUHQJWKHQLQJE\1605&)53ODPLQDWHVWULSV&PHDQVDGGLWLRQDOMDFNHWLQJRIVSHFLPHQVVWUHQJWKHQLQJ
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$VLWFDQEHVHHQIURPUHVXOWVQHLWKHULQVOHQGHUQRULQVKRUWFROXPQVWKHVWUDLQVDWUXSWXUHRI&)53VWULSVUHDFKHG
WKHYDOXHVIURPWHQVLRQWHVW7KHUDWLRRIVWUDLQVDWUXSWXUHWRWKHXOWLPDWHVWUDLQLQWKHXQLD[LDOWHVWVZDVDERXW
IRUORDGLQJE\QRUPDOIRUFHRIDERXWRID[LDOUHVLVWDQFHLQVOHQGHUFROXPQV+LJKHUUDWLRVZHUHRQO\DFKLHYHG
DWORZHUFRPSUHVVLRQORDGOHYHOVDWVKRUWFROXPQVDERXWIRUORDGLQJDWOHYHOVHH)LJDDQGE
DE
 
)LJ'LDJUDPRI&)53VWULSVHIIHFWLQDVWUHQJWKHQHGVHFWLRQWRORDGOHYHOIRUDVOHQGHUFROXPQVEVKRUWFROXPQV
,Q JLUGHUV XQGHU LPSDFW ORDG LWZDV LPSRVVLEOH WRPHDVXUH VWUDLQYDOXHV DW KLJKHU ORDG OHYHOV EHFDXVHRI KLJK
G\QDPLFUHVSRQVHRIDJLUGHU2QO\YDOXHVDWWKHEHJLQQLQJRIORDGLQJZHUHPHDVXUHGDQGFRPSDUHGZLWKQXPHULFDO
FDOFXODWLRQ 2Q WKH EDVH RI JRRG PDWFK VWUDLQV DW KLJKHU ORDG OHYHOV FDQ EH DVVXPHG IROORZLQJ FURVVVHFWLRQ
FXUYDWXUHDQGYLVXDOREVHUYDWLRQRIHQWLUHW\RI&)53 ODPLQDWH VWULSVGXULQJH[SHULPHQWDO LQYHVWLJDWLRQ6LQFH WKH
JLUGHUVKDYHQRD[LDOFRPSUHVVLYHORDGLQJDQGDUHVWUHVVHGLQEHQGLQJRQO\VWUDLQVLQ&)53ODPLQDWHVWULSVDFKLHYHG
YDOXHV IURP WHQVLRQ WHVWV ,Q DGGLWLRQ JLUGHUV DUH VWUHVVHG G\QDPLFDOO\ VR ZH FDQ FRQFOXGH JRRG UHVSRQVH RI
PHPEHUVVWUHQJWKHQHGE\160&)53ODPLQDWHVWULSVWRWKLVORDG
DE
 
)LJ&)53VWULSVDIWHUUXSWXUHDJLUGHUVXQGHULPSDFWORDGEVKRUWFROXPQV
&RQFOXVLRQV
7KH UHVXOWV RI SUHVHQWHG H[SHULPHQWDO LQYHVWLJDWLRQ VKRZ OLPLWHG FDSDFLW\ XWLOL]DWLRQ RI &)53 ODPLQDWH VWULSV
ERQGHGLQWRWKHJURRYHVQHDUWKHVXUIDFHRIVWUHQJWKHQHGUHLQIRUFHGFRQFUHWHPHPEHUV/LVWHGYDOXHVRI&)53VWULS
VWUDLQVDWUXSWXUHDUHRIDERXWWLPHVORZHUWKDQXOWLPDWHVWUDLQVIURPXQLD[LDOWHQVLRQWHVWDWVOHQGHUFROXPQVDQG
RIDERXWWLPHVORZHUIRUVKRUWFROXPQVXQGHUORZHUOHYHOVRIFRPSUHVVLYHORDGLQJ
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7KH ILUVW H[SODQDWLRQRI WKLV IDFW LV DGLIIHUHQW VWUHVVSDWK LQFRPSDULVRQZLWK WHQVLRQ WHVW7HVWHGFROXPQVDUH
ORDGHGE\SUHGRPLQDQWEHQGLQJWKHUHLVDELJFXUYDWXUHLQWKHPRVWVWUHVVHGFURVVVHFWLRQDQGWKH&)53VWULSVDUH
VWUHVVHG LQ GLUHFW DQG EHQGLQJ VWUHVV ZD\ UDWKHU WKDQ SXUH WHQVLRQ GXULQJ WKH WHQVLRQ WHVW VR WKH VWUDLQ FDSDFLW\
XWLOL]DWLRQRIWKH&)53VWULSVLVOLPLWHG,QDGGLWLRQDVLWFDQEHVHHQIURP)LJWKHFDSDFLW\XWLOL]DWLRQRI&)53
ODPLQDWHVWULSVDOVRGHSHQGVRQWKHOHYHORIFRPSUHVVLRQORDGLQJ±WKHORZHUWKHD[LDO ORDGUDWLRLVWKHKLJKHUWKH
FDSDFLW\XWLOL]DWLRQLV
2QWKHRWKHUKDQGGXULQJLPSDFWORDGLQJRIVWUHQJWKHQHGJLUGHUVWKHEHKDYLRURI160&)53ODPLQDWHVWULSVZDV
GLIIHUHQW 1HYHUWKHOHVV WKHVH PHPEHUV ZHUH DOVR VWUHVVHG LQ EHQGLQJ ZLWK D ELJ FXUYDWXUH LQ FURVVVHFWLRQ WKH
UHDFKHG&)53VWUDLQVDWUXSWXUHZHUHDOPRVWWKHVDPHDVWKRVHREWDLQHGIURPWHQVLRQWHVW7KHILUVWUHDVRQPD\EH
QRFRPSUHVVLRQORDGLQJRIWKHVHPHPEHUVWKHVHFRQGUHDVRQLVDG\QDPLFUDWKHUWKDQVWDWLFORDGLQJ
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